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Abstract 
After many years of development BIM (Building Information Modelling) is starting to achieve 
significant penetration into the building sector of the construction industry. This paper describes the 
current status of BIM and the drivers that are motivating the change from 2D CAD to BIM within 
the building sector. 
The paper then discusses what the implications of the technology underlying BIM may be for the 
civil construction sector of the construction industry. A project carried out by the Cooperative 
Research Centre for Construction Innovation is used as an example of this technology as well as 
several international examples. 
Introduction 
The seamless exchange of information (interoperability) between different computer programs has 
been a dream across all of the engineering disciplines since the 1970’s . While there have been 
research and development efforts into this problem for over 30 years we can still not hit a button 
within “Engineering Software A” and be 100% certain that all of the information will be transferred 
to “Engineering Software B”. The reasons for this are varied, and it is doubtful that we will ever get 
to 100% interoperability. However, expanding use of object-based CAD systems in various areas of 
the construction industry is improving the value and effectiveness of interoperability. 
Interoperability meets three different types of “technical” needs: 
• Interchange of information between different roles at a particular stage in a project, for 
example, CAD data and quantity takeoff/estimating software; 
• Continued use of information through the different stages of a project, from inception, initial 
and detailed design, documentation, construction, in use and during maintenance and finally 
in refurbishment or demolition; 
• The requirement to access archived data throughout the life of a facility. For example, 
information saved in the IGES format in the 1980’s and 1990’s is still accessible even if the 
creating software is no longer available. 
The goals of interoperability as a technical process are to assist in meeting the business objectives 
of “improving industry efficiency, eliminating waste, raising safety standards and reducing project 
risk” (SFfC ITG, 2007). While this quotation is from a recent publication, the need for 
interoperability was recognised in the late 1970’s.  
The development of competing engineering data exchange standards such as  IGES (Initial 
Graphics Exchange Specification) in the US, SET (Standard D'Echange et de Transfert) in France, 
and VDA-FS (Verband der Automobilindustrie-Flächen-Schnittstelle) in Germany led to concerns 
about the costs of implementation of the necessary translators between the CAD systems and also 
potential fragmentation of the market. The limitations of these standards – ambiguous 
interpretation, different subsets for each vendor, limitation to geometric information, engineering 
drawings and some topological information – also quickly came to the fore (Fowler, 1995). 
The problems with the above standards led to ISO (International Standards Organisation) starting to 
develop a set of standards in 1984. These became informally known as STEP (ISO10303 Industrial 
Automation Systems - Product Data Representation and Exchange). These were based on product 
modelling technology and were aimed at the entire engineering/manufacturing sector, including 
construction. The first version of these standards was published in 1994. 
The civil construction sector played an influential role in the development of STEP. For example, 
the Dutch research organisation TNO developed proof of concept software that exchanged 
geometrical (CAD) models with finite element analysis software (Figure 1). 
In 1994, frustrated by the perceived slowness 
of development of STEP, Autodesk announced 
the formation of the Industry Alliance for 
Interoperability which was developing Industry 
Foundation Classes (IFC). The IFCs used the 
same underlying technology as STEP (Express 
data definition language) but developed a 
different product model that was customised 
for the building construction industry rather 
than using the STEP approach of attempting to 
cover the entire manufacturing sector. 
The Industry Alliance for Interoperability soon 
became the International Alliance for 
Interoperability (IAI) as Autodesk’s users 
insisted that the IFCs should not be proprietary 
and the development of the IFC standard. 
Development of the IFCs was heavily 
supported by Autodesk in the early years and 
subsequently by the Finnish VERA program as 
the Finnish government sponsored a wide 
range of research and development projects to 
build a competitive advantage for the Finnish 
construction sector.  
The first “civil only” project within the IAI was 
the IfcBridge project which was sponsored by 
the FranchSpeaking Chapter. This produced 
extensions to the IFC model to handle 
descriptions of the geometry of bridges and the assignment of materials to the bridge components. 
A second civil project called IfcRoads was started in 2006. 
Figure 1: Solid model, loaded model and FEA results 
(Tolman et al, 1989) 
The uptake and use of IFCs by industry was very low until 2006, when the GSA in the US began  
requiring BIM models as part of their building design process. This was significant since the GSA 
is the “landlord” for US Government office and space requirements. The GSA controls over 340 
million square feet of space within 8,700 buildings (Rundell, ). This provided a major boost to the 
profile of the IFCs. Together with efforts by the Danish and Singaporean governments and 
SENATE Properties in Finland, this was enough client demand to ensure that the various software 
vendors supported the IFC model. BuildingSmart, as the IAI is now known, continues to develop 
and promote the IFC standard, but is putting more emphasis on demonstrating how the IFCs fit 
within the workflow of projects. McGraw-Hill (2007) now estimate that the use of BIM in the 
building sector has reached “tipping point”. 
It is an obvious question to ask “Why has it taken so long for the IFC model to gain acceptance?” 
There are a number of reasons: 
• There is little incentive for larger software developers to implement open data exchange 
standards to provide access to their data by other companies; 
• There were a large number of technical issues, and more still exist, that need to be resolved 
before BIM works seamlessly. It should e noted that a number of technical innovations 
within IT have been driven by the development of the STEP standards; 
• Many users are happy with existing processes and do not want to expose themselves to the 
“risk” involved in technical change; 
• The benefits of interoperability are not always gained by the people doing the extra work. 
Some changes in work practices and the allocation of risk will be required across the 
industry; 
• Interoperability is similar to the telephone system – the benefits only become obvious once a 
significant proportion of people use it; 
• Significant portions of the industry need to train to use the technology, including educators; 
• Many clients are not aware of the benefits to them of interoperability. A report in the US 
estimated that the lack of interoperability cost the capital facilities industry in the US 
US$15.8B in 2002 (Gallaher, 2004). Economic rationalist governments are often unwilling 
to intervene in the markets in ways that would enable them to benefit from these savings. 
Many government departments have also lost much of the technical expertise, through 
restructuring, that is necessary to support the necessary change in the private sector. 
There are two major methods of exploiting BIM. The first is to use a suite of software that supports 
the same data exchange standard. These are often software products from a single vendor, together 
with some smaller developers of add-on software. The major CAD companies support this model 
strongly and often purchase add-on products for integration within their product range when the 
add-on products gain sufficient market presence or provide strategic advantage. The disadvantages 
of this method are that the range of software is restricted and the data exchange is limited by the 
capabilities of the file format. 
The second method is to use software that supports an open standard, such as IFC or STEP. This 
provides access to a wider range of software. The downside is that the open standards often do not 
support the full capabilities of proprietary file formats. 
VDC for Civil 
The term Building Information Model does not fit well with the civil construction sector. A more 
appropriate term is Virtual Design and Construction (VDC), which was introduced by the Center 
for Integrated Facility Engineering at Stanford University (http://cife.stanford.edu/). 
The success of the BIM concept within the building sector has meant that the major CAD vendors 
are now trying to promote the same concept within the civil structures area, especially with bridges. 
The bridge software from Bentley (2009) has had good market penetration, especially in the US, but 
Autodesk have just released bridge extensions to the Revit Structure software (Mangon et al, 2009). 
Bentley have started using the acronym BrIM (Bridge Information Modeling) in their marketing 
material. Consequently, we 
can assume that BrIM will 
achieve a similar level of 
promotion as BIM. 
An interesting use of VDC 
was on the San Francisco-
Oakland Bay Bridge under 
the “Bay Bridge Seismic 
Safety” projects. A movie 
showing the full extent of 
the project was produced 
for public information 
(Metropolitan 
Transportation 
Commission, 2007a, 
Figure 2)  
The western end of one of 
the spans is on Yerba 
Buena Island where the 
traffic enters a tunnel. A 
350’ (115m) section of 
viaduct needed to be 
replaced as part of the seismic strengthening of the east span of the bridge. After eight months of 
preparation and planning (January – August 2007) the old section of bridge was demolished and the 
new section rolled into place over the three days of the US Labor Day long weekend. The operation 
was meticulously planned using 4D CAD (animated construction process simulation) (Metropolitan 
Transportation Commission, 2007b, Figure 3).  
Figure 2: Screen capture of viaduct replacement (Metropolitan Transportation 
Commission (2007a) 
 
Figure 3: Screen capture of viaduct replacement simulation screen shot (Metropolitan Transportation 
Commission 2007b) 
The actual operations were captured on time lapse photography (Figure 4, Metropolitan 
Transportation Commission 2007c). 
 
Figure 4: Screen capture of viaduct replacement time lapse photography  (Metropolitan Transportation 
Commission 2007c) 
This is a prime example of the use of VDC technology to reduce the risk of construction operations 
to a level that allows previously unviable options to be considered. 
Research into VDC for Earthworks Projects 
The Center for Integrated Facility Engineering at Stanford University has been working on the use 
of 4D CAD for many years. The preparation of Gantt charts for structural projects normally follows 
a logical sequence – construct the components that support others first. This simplifies the 
preparation of construction simulations to support visual assessment of construction schedules. 
Earthworks projects do not necessarily present the same underlying logic. When large amounts of 
earth need to be moved and there are no obvious spatial or access constraints then the sequence of 
excavation often comes down to personal preference. A project at the Disney California Adventure 
project was used to assess the use of geometry-based modelling to support 4D simulations (Akbas, 
2004). There were a number of structures around the lagoon area (Figure 5). Methods were then 
developed to ensure that there were no spatial conflicts between the activities necessary for the 
project across the lagoon, restaurant and roller coaster. 
 
Figure 5: Disney California project 4D simulation - input geometries (Akbas, 2004) 
The actual construction process is shown in Figure 6. 
 
Figure 6: Photograph of the construction of the lagoon and restaurant building at the Disney California 
Adventure Project (Akbas, 2004) 
The CRC for Construction Innovation undertook a project called “Interoperable Standards” that 
examined the technical issues underlying the exchange of information between civil engineering 
and landscape designers. This is not an area in which much work has been done as the IFC model 
currently covers the building components that are inside of the building itself. The intention was to 
extend the 12D civil engineering software to support some of the information exchange 
requirements as a proof of concept. 
The partners in this project were the Queensland Depatment of Main Roads, Project Services 
(Queensland Department of Public Works) , Thiess and 12D as a software vendor. 
Underground services are covered to some extent since pipes and cables are also used within 
buildings. Other external components such as paving, kerbs, sumps, etc can only be captured in an 
IFC file as general “proxy” objects. The first stage of the project consisted of working with the 
landscape designers and civil engineers to establish what their information exchange needs were. 
Each group provided documents that illustrated the key concepts in their area of expertise (Figure 
7). 
 
Figure 7: Information needed to describe a rural road (Dept of Main Roads, Qld) 
Some of this information was easy to capture and would not require significant effort to exchange. 
Other conceptual information, such as the desire of landscape designers to know where the water 
flows were supposed to go would be more difficult to support. 
The scope of the information exchange was set to cover ground surfaces and tree locations as both 
of these were supported by the 12D software on the civil side and ArchiTerra on the landscaping 
side. An example of the exchange of ground surfaces is shown in Figure 8. 
 
Figure 8: Exchange of ground surface data 
ArchiTerra is capable of displaying trees to a considerable level of detail (Figure 9a), while only the 
location, height and radius of the trees was needed for this project. This meant that simplified 
representations of vegetation were appropriate (Figure 9b). 
 
Figure 9: (a) detailed tree (b) conceptual tree 
One area that was recognised as a problem, but was not tackled within the scope of the project was 
the different underlying representations within civil software. Some of the major CAD systems use 
a “sectional” approach where the road surface is modelled as “slices”(Figure 10a). 12D uses a 
“string” approach, where the edges of features (components) are conceptually represented by lines 
(Figure 10b). Conversion between the two types of representation may require the development of 
surfaces from the input representation and then recognition of the “sections” or “strings” as 
appropriate for the output representation. While achievable, this is not a trivial exercise. 
 
Figure 10: (a)"sectional" and (b) "string" representations 
 
Conclusion 
The availability and capability of VDC software in the civil area is increasing in some areas, such as 
civil structures. In other areas such as excavation and roadworks the capability of available software 
is well behind the BIM software available for building projects. Whether the situation changes for 
excavation and road projects will depend more on political and business factors than technical 
considerations. If a major client insists on improvements in the capability of software then the 
software vendors are capable of rapid improvement. Otherwise it will take many years for the 
market to improve the capabilities of available software. 
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